Striking similarities in coloration, voice, or both have been described in mainly or partly sympatric species of territorial animals (for some recent studies see Bock 1963. Hall et al. 1966 Grant 1966). Such sin$a& may be much more widespread among higher vertebrates, but no overall explanation for its occurrence has been pr0posed.l In this paper it k is _su_ggested that the convergences between ' ' such. sp%i& could promote (or arise as a secondary result of) a -spatial separatioftaf ~. +* m as--food~gathering. In the extreme-case of complete separation, species pairs become interspecifically territorial.
ary contact have been adequately summarized by Lack (1944) , and by Orians and Willson ( 1964) with special reference to interspecific territoriality.
These same possibilities also apply if a newly-arisen or closely-related species colonizes extensive parts or the complete range of a former conspecies, and they are independent of the extent of subsequent sympatry. Orians and Willson (1964) point J out that interspecific territoriality can be an--alternative to character displacement, hybridization, or differential habitat selection if one or more of the following conditions are met. The species ( 1) occupy simplk habitats, , ' (2) have stratified feeding habits, or (3) ' exploit the same food resources. I would like to restate the latter two conditions in a more general way and suggest that species which have specialized feeding methods or apparatus, or occur in associations with ecologically-similar species,. as perhaps in the tropics (Klopfer and MacArthur 1962), are possible candidates for interspecific aggression and, hence, interspecific territoriality. Interspecific territoriality is used in a broad sense, i.e., some area is defended at some time between species (see Discussion for qualifications ) .
The current proposal may be stated as follows. Interspecific territoriality depends upon the recognition and exclusion of heterospecific as well as conspecific competitors. In some such cases natural selection has favor??& the p' convergence of those characters by whichindividuals defending territories are prompted to evict others from the defended area. These excluded individuals, usually of the same sex j_ and species, now include convergently-similar ' qmnbers -of another species. It is suggested ! that interspecific territoriality operates more J' efficiently, and that the recognition and thence exclusion of challengers of both species by a territory holder is facilitated if plumage, voice, or both are similar in the two species concerned. Intersexual recognition must not be affected; the maintenance of specific integrity is assured by the existence of certain species-specific cues in behavioral or morphological characteristics associated with courtship and mating. Such a system prevents actual or attempted hybridization which would be disadvantageous (e.g. if less fit intermediates invade those regions or habitats where the two species are in allopatry).
A convergence in appearance or voice could arise by the normal process of natural selection. This could happen after interspecific territoriality had already evolved. Altematively, increased similarity could evolve concurrently with a decreasing territorial overlap between two species and actually promote a behavioral response which separates territories to economic advantage. Suppose a mutation in a male of one territorial species causes a change in plumage coloration which results ' j in a closer resemblance to males of an ecologi-J tally-similar second species. This ,change could result in its partialex&Gion-from the territories of this strong competitor, and this exclusion would be advantageous because the food density to which the individual is then exposed would be increased. Such an individual would leave more offspring in the population (if food is limiting and all other things being equal or nearly so) and his phenotype come to predominate. As this successful phenotype becomes more common in the population, encounters between them will increase, and thus a behavioral adjustment to territorial defense against opponents more similar to the second species will automatically follow. This convergence in plumage should continue until the two species are fully interspecifically territorial when the similarities in appearance may be extensive. Note that benefits from non-overlap in territory between close competitors are mutual, and the evolution of convergence would be speeded up by a selection on the second species to recognize and exclude converging individuals which rebetween the ends of the gradient or the geographic area encompassed by this habitat is small, or if historico-geographic circumstances limit colonization or speciation, a single species might occupy the whole gradient. But if two species are present, they meet in a band across the gradient where differential habitat selection is insufficient to separate their territories. This area of contact is a region of potential interspecific territoriality, provided any one of the three conditions listed on p. 223 exists.
Case B. Many habitats are patchy, where, for example, wet-dry contrasts associated with topography result in differential growth of vegetation. This can be approximated if the above habitat gradient is broken up into patches of various sizes which are juxtaposed in a haphazard fashion over the same area. The resulting habitat would be composed of quite discrete patches of two extreme types plus a range of intermediates, but under natural conditions patch types grade into one another and provide more habitat of an intermediate character. Again two species could coexist in this mosaic if the extremes are "sufficiently" different (see MacArthur 1965: 519-u)).
In areas where the habitat is closer to either extreme, only one species will occur. But in intermediate patches and where patches are large compared to territory size, with a gradient between adjacent types, a situation exists which is again conducive to interspecific territoriality, with the usual provisions stated above. If the patches are small compared to territory size but the species are able to weight their foraging time in favor of their preferred patch type ( "coarse-grained" habitat), one species only will occur in areas where the proportion of either patch type is greater than some particular figure. When the patches occur in intermediate proportions, both species will be present and potentially will defend _ _ semble only approximately their conspecies.
territories against each other. We now look for circumstances which would VIt is supposed that the two species have \ bring a pair of species together' in this way. In either of the following two rather funda-' \ mental situations (arrangements of species ranges and of their preferred habitats), interspecific competition might be severe enough to optimize interspecific territoriality with perhaps resulting convergence. Case A. An environment varies smoothly for a particular set of conditions on which habitat selection is based. Two species can occupy the habitat, one along each half of the gradient, and coexist because of the range of different conditions. If either the difference fitnesses which vary with the habitat they ' occupy ( fig. 1 ) and that there is at least some habitat type in which their fitnesses are intermediate and identical. Natural selection will favor a high degree of differential habitat selection or resolution, which tends to shorten the coincident portion of the gradients in figure 1. While maximum divergence in habitat preference is maintained over the area of sympatry, interspecific recognition, facilitated by convergence, is advantageous because fitnesses are maximized over the available habitat. It is worth noting that with- out the presence of habitat in which each species is competitively superior to the other, the situation cannot be a stable one. As with all cases of interspecific territoriality, it would be necessary for each species to have refuges which cannot be successfully invaded by the other. Without these, one of the two would surely have been eliminated before we had the chance to observe it.
The results of these selective forces can appear somewhat paradoxical.
Where two species meet there is selection for maximal divergence in habitat preference and intersexual recognition signs, and perhaps for divergence in general ecological characteristics, but simultaneously there is selection for convergence in intersexual recognition and aggression-promoting stimuli. Where the species do not meet, intersexual symbolism may converge and vice versa for that within the sexes. A "\ tteresting nuances.
ocumented example will illustrate all of these \ Several types of selective pressure can cause unrelated sympatric species to look alike. Mimicry can be distinguished from convergence, as described in this paper, by the local distributions, relative abundances, and difference in ecology of the species involved. Various phenotypic characteristics may change in direct or indirect response to climate. These changes are generalized in the so-called ecogeographic laws, such as Allen' s, Bergman' s, and, in particular, Gloger' s Rules (Rensch 1960; Mayr 1963). In these cases latitudinal or other clines in mean temperatures or interhabitat differences in such factors as humidity are thought to be responsible for general and parallel gradients in body size, approximate pigmentation, or the relative lengths of appendages. For potential prey species a resemblance in body coloration to the substrate, or some other type of crypsis, might be selected for, and produce parallel variation in related or unrelated species which occupy similar niches and have similar predators. When such phenotypic variations affect plumage coloration it is necessary to distinguish between the selective forces involved so that cases of the convergence here hypothesized might not be misidentified or overlooked. Also, Moynihan ( 1960) has described interspecific plumage similarities which may help to promote gregariousness in mixed species feeding flocks.
Similar difficulties exist with vocal characteristics. While the relations between variables associated with song (such as frequency average and range, pattern, and wavelength) and the configuration of the habitat are not yet known quantitatively (but see Ficken and Ficken 1962), consistencies in these relations can be recognized by any keen ear. For instance, the similarity between the songs of bird species resident in the needlerush and saltgrass marshes of coastal eastern North America is striking. The species involved (Red-winged Blackbird, Age&us phcrenice~~; Seaside Sparrow, Ammospiza maritima; Sharptailed Sparrow, Ammospina cuuducuta; and Long-billed Marsh Wren, Telmutodytes pahtrk) are members of three different families, but at least part of the songs of all of them have a low-pitched "buzzy" passage of wide frequency range, which presumably "carries" well and does not become distorted by this type of vegetation. While species differences in songs must normally exist, the "carrying" and distortion-free qualities of a song must be under selective pressure. Therefore, at any point in a habitat potentially or actually occupied by several species, these particular selective pressures would be identical or nearly so (varying slightly with the position of the -J vocalist in the vegetation). In fact, convergence brought about by habitat configuration and physical conditions associated with latitude, altitude, and other factors of climate and topography is readily distinguished from that which has arisen, according to this hypothesis, as a result of the sympatry of pairs of species so similar in their ecology that they have become interspecifically territorial where they meet and overlap. Of importance here is the steep It will suffice to say here that the species within a group are almost completely allopatric, geographically or altitudinally, but that the two groups as a whole are largely sympatric. There are lowland, montane forest, and Savannah species in each group, so that any small area will hold a single species from each group. All species of both groups have similarly colored upperparts. What is so striking, as Hall et al. successfully showed, is that in any pair of sympatric species, one from each group, the color of the underparts, a breast band (if any), certain head markings, and markings on the wings and tail are virtually identical, while these characteristics vary in color throughout the groups as a whole. These authors discuss, as have others before them, the possibility of balanced polymorphism operating in the genus, but Owen (1967) criticizes this interpretation on a number of grounds and the fact that local populations seem to be monomorphic precludes this. The evolution of the parallelisms is ascribed to the coincidence of selection pressures for coloration in a local environment, which pressures presumably change with the environment across the geographic ranges of the species involved. Galbraith (in Hall et al. 1966) includes among these selection pressures those by predators for crypsis, warning coloration, or both; he further suggests that mimicry by the slimmer "Chlorophoneus" species of "Malaconotus" species may account in part for the similarities and their parallel variation. Significantly the selective advantage of a common warning coloration in interspecific territory holders is mentioned, but not stressed (Hall et al. 1966:18-O). The possibility that such a convergence in plumage colors and patterns could arise under the agency of visual selection by the birds themselves, to facilitate interspecific territoriality, is, according to my hypothesis, the key to the convergence and parallelism in Makconotus.
The differences in plumage among different populations within a species, as suggested in the above reference, must be due to local (different) pigments and patterns, but the precision with which a pair of species resemble each other indicates that further selective forces are involved. After all, species other than these bush-shrikes occupy similar niches and are exposed to similar physical and organic environments in the same habitats, but do not closely or approximately resemble the bush-shrikes. A Batesian mimicry hypothesis also seems to be an inadequate explanation for the convergence, as it appears unlikely that "Malaconotus" is a sufficiently formidable or undesirable prey item to have evolved a waming coloration (presumably directed to raptorial birds and snakes) and consequently that it would be of little benefit to "Chlorophoneus" to imitate the larger bird.
Convergence in advertizing characters presupposes interspecific territoriality in some form or to some extent, but no evidence has been found in the literature to indicate that the species of the "Chlomphoneud' group are in fact interspecifically territorial with those of the "Malacmotus" group; rather, as this information is at present lacking, the inclusion of bush-shrikes in this paper amounts to a prediction that when these birds are better known they will be found to defend territories interspecifically across the groups. This hypothesis also supposes that there are subhabitats, such as the savannahs which are inhabited by M. Another striking sequence of parallels occurs between members of two different branches of the woodpecker family Picidae. I am grateful to Mr. Charles Rogers of Princeton University for bringing this remarkable case to my attention, and I follow his terminology by calling one group of genera "logcocks" and the other "ivory-bills," after the North American representatives. The logcock genera appear as a group early in the list of genera of the subfamily Picinae, while the five genera of ivorybills mentioned below end this list (Peters 1948). Between the two groups there are certain fundamental differences in morphology and behavior, including the structure of the bill; arrangement of the tail feathers; the The similarity between these pairs (or trios) of woodpecker species, which are individually described below, has been commented upon by almost every author on the birds of the areas they inhabit .2 The enigma of the strong superficial resemblances has been mentioned time after time, but no explanation has been forthcoming except the recent suggestion by Bock ( 1963) that the true taxonomic affinities of these wo' odpeckers lie across rather than within the traditionally separate logcock and ivory-bill groups. If these cases can correctly be ascribed to the convergence described above, it is not difficult to suggest speciesspecific recognition marks which could prevent hybridization. Two of the most consistent differences between the two groups are the divergent bill coloration (black as opposed to yellowish) and the presence of a red or other malar stripe in the logcocks. There is a second aspect of the current hypothesis which can be tested with these species in the Philippines. Species-specific recognition marks are necessary to prevent hybridization when the female makes her selection of a mate, and circumstantial evidence was given previously suggesting that bill color, or a malar stripe, or both might be such a cue in woodpeckers. Natural selec tion should favor the divergence of bill color between Dinopium and Chysocoluptes where they meet, but bill color might well vary in a species which occurs alone in an area or converge to resemble that of the second species of the pair. This is, in fact, just what is observed here. The bill colors of D. i. everetti and C. 1. e ythrocephalus in the Palawan group are black and whitish-yellow respectively ( Hachisuka 1932)) colors typical for the two groups in sympatry. However, in the other six subspecies of C. lucidus on islands which D. iuvense has failed to colonize, bills are black or dark in color (C. 1. xanthocephalus, frontispiece: 11). Thus the factor which selects for the ivory-colored bill in C. 1. erythrocephalus is absent from the other islands. This strongly suggests that the presence of Dinopium is that factor.
No one has reported interspecific territoriality between Dinopium and Chysocolaptes, and until direct evidence is forthcoming the ultimate test of my hypothesis cannot be made. However, there is indirect evidence for very strong competition between members of the genera, indicating that two such species cannot simultaneously occupy the same uniform piece of woodland. This again may be deduced from their distribution in the Philippines. D. j. everetti on the Palawan group is reported to be common in forests, scattered woodlands, and in the plains (Hachisuka 1932). C. 2. eythrocephalzts is strictly confined to the forest here, and is said to be uncommon. But on the rest of the Philippine Islands, which have not been reached by Dinopium, C. lucidus is common and is found both in second growth and in forest habitat. The application of character convergence does not preclude the possibility that C. lucidus also undergoes a character displacement in ecological and associate morphological characteristics where it meets the smaller D. i. everetti, for culmen length in this race is seven per cent greater than the average for the other six races in the islands. The more restricted habitat occupancy has already been described; this must represent a selection for increased habitat subdivision to reduce the ecological proximity to Dinopium by using only those habitats in which it is at least as efficient as Dinopium, the thick forests. In summary, where the two species occur together there is convergence in the plumage characteristics by which males presumably recognize each other and divergence in the habitat which is occupied, in bill size, and in species-specific cues by which females presumably recognize a male of their own species. When one species occurs alone the reverse is true. part of this area (fig. 3) . In their black-andbuff patterned plumage these two woodpeckers are virtually i' dentical (frontispiece: 1, 2); the most obvious difference between them is the red malar stripe on the logcock. (fig. 4) . The two speciesare both medium-sized woodpeckers, barred, rufous and black, and both possess red marking around the head (frontispiece: 3, 4). These consist of a crimson crescent under the eye on the lores and side of the head in M. brachyurus and a scarlet band on the nape and ear coverts in B. pyrrhotis. As with all of these woodpecker pairs, there are some altitudinal, habitat, and food habit differences between these two species, but these do not appear to be very extensive. Again the similarities may be attributed to interspecific territoriality. The distinguishing red plumage marks on a dull background give every indication of being inter-as well as intraspecific recognition signals rather than characters which are similarly influenced by the physical environment. The mutual possession by these t%o species of so similar a sign cannot be coincidence. The near-convergence to a common "message" recalls the often approximate and always very superficial resemblances between Batesian mimics and models in insects, but by hypothesis, selection by the individuals themselves is acting simultaneously on both species to produce the resemblance.
Meiglyptes-Hemicercus. Hemicercus canente of the ivory-bill group ranges across lower India through Burma and Thailand to Vietnam. This tiny woodpecker is sympatric with the logcock Meiglyptes iugularis in the eastern
Dyocopus-Phloeoceastes. D yocopus lineatu.s and Phloeoceastes guatemalensis, large powerful woodpeckers of the logcock and ivory-bill groups, respectively, are sympatric from Mexico to western Panama. P. melanoleucos replaces guatemalensis from the Canal Here particular emphasis is placed on the impo~rtance of the malar stripe, for in these three species, together with the Hemicercus-Meiglyptes pair above, the convergence in appearance extends to the bill color. In the pair of species west and north of the Canal Zone, the bill color in each is ivory-white, but in P. melunoleucos and the several Zineatus subspecies sympatric with it, bills are dark in color.
A general preference in lirwatus fo,r drier, more open areas is evident. Even so, both species can occur together in a small area when they occupy the same habitat, and have been observed feeding on the same tree. As such observations are not dated in reference to the breeding season, they do not preclude the possibility of interspecific territoriality. There is substantial evidence suggesting that the forest habitat is patchy for the species pairs, for in any one locality (see, e. for my hypothesis will be to look not for interspecific territoriality but for a divergence in the plumage patterns in D. pileatus in those areas once occupied by C. principalis. A possible change in bill color (lighter) would be predicted.
The overall picture which emerges of the logcock-ivory-bill woodpecker groups can be summarized as follows. Bock and Miller (1959) believe that the ivory-bills are an offshoot from the older and less specialized logcock line. As with the African bush-shrikes, it would seem that one of the groups, presumably the latter, already occupied more or less its present range when the ivory-bill line diverged in isolation and subsequently expanded into approximately the same area. The ivorybills probably evolved in a dense wet forest habitat and thus were able to outcompete the logcocks wherever this habitat was occupied by the latter; in intermediate habitat the two are evenly matched. In this way average habitat differences were further developed between the two groups. Woodpeckers are generally regarded as food specialists in that they exploit a narrow range in the spectrum of food resources and use a highly specialized feeding apparatus. Consequently there must be less opportunity for territorial overlap through divergence in food requirements than, for instance, in insectivorous foliage gleaners. Some North American woodpeckers occupy habitats where no other woodpecker is present. Where two species do occur, there is usually a large size difference which may allow the exploitation of differently sized trunks and branches. Although interspecific territoriality has not been established for the above species pairs, it is commonly found in woodpeckers generally, e.g., for breeding Centurus aurifrons, C. carolinus, and C. uropygialis (Selander and Giller 1959, 1963), for wintering Centurus carolinus, Melanerpes e ythrocephalus, and Dendrocopos pubescent (Kilham 1958), for wintermg Melanerpes formicivorus and Asyndesmus ,lewi.s over acorn stores (Carl Both, pers. comm.), and for Picus viridis, Dendrocopos ma@, and D. mirwr over nest sites (Howard 1929). Bock ( 1963), referring to the similarity between members of some of the above species pairs, states that "the complexity of these color patterns precludes any reasonable possibili_ty of their rising independently in three pairs of genera; no known selection forces could explain such a pattern of convergence." He is forced to conclude that the true affinities of the species lie across the logcock-ivory-bill lines, i.e. between similar-appearing pairs, and that the typical morphological features of the groups haye arisen separately in each of the respective genera. The hypothesis presented in this paper at least suggests a way in which natural selection could achieve the observed convergencest without invoking, on the basis of superficial tiharacteristics, rather unlikely close relatioqships between members of the convergent pairs.
Plethodon-Desmognathus. Convergence should not be restricted to birds, but could occur in any animals which are territorial. On these grounds some mammals, amphibia, and reptiles could qualify as candidates for the phenomenon. In many territorial mammals, defense of territory is by means of olfactory signs, and any character convergence in such signs as advertized by different species will be difficult to recognize. Among the Amphibia a remarkable similarity between two species in different genera can be cited as an example omf aggression-associated convergence. Plethodon jordani and Desmognuthus ochrophaeus present a situation which has puzzled herpetologists for many years. These species belong to different groups (genus or several genera), the woodland and dusky salamanders, respectively, of the same family Plethodonti- The isolating barrier between the species is efficiently maintained if, as Lanyon believes, the call notes are inflexibly inherited. A complicating factor is that the song is apparently learned, which could in itself account for individuals with songs possessing characteristics of both species. This in effect would act as "short cut" to convergence (which could not, of course, be involved in convergent appearance). In this case an equivalent substitute for the evolution of convergent characteristics is the evolution of learned rather than inherited song. fig. 4 ) is certainly not as close in appearance to M. brachyurus as is B. pyrrhotis, but nevertheless \ their similarities warrant attention, I Second, strong competition between species, a prerequisite to interspecific territoriality, is most likely to occur between closely related species, and such species are already likely to be similar in appearance and voice. Convergence to greater similarity might not be favored; selection may merely prevent any divergence. The interspecifically territorial Plain and Bridled Titmice (Parus inornutus and P. wdlweberi) studied by Dixon (1950) may be an example of this.
Third, any convergence which takes place in regions of sympatry must affect individuals breeding in regions of allopatry, by emigration and dispersal, The convergent phenotype may quite conceivably be at a selective disadvantage in allopatic populations. This could be sufficient not only to prevent its establishment where the competitor is not encountered, but to impair its fitness where the species are sympatric. Thus convergence may be rather less likely in extensively allopatric pairs of species (and of course strongly competing species are often separated in their geographic ranges). Convergence, however, need not be limited to the area of sympatry of the species involved, although this is the zone where selection maintains the similarities. If there are no attendant disadvantages, the characteristics in their convergent form might occur uniformly throughout a species range, even in those areas where the two species do not meet. Such monomorphic pairs of species are correspondingly more difficult to detect.
Here mention should be made of the North American hummingbirds. These tend to be taxonomically uniform over large areas, perhaps due to strong migratory tendencies (only 2 of 15 species are divided into subspecies in the area). The males are brightly colored and interspecifically quite distinct, but the females are uniformly drab. In fact the females of species such as Black-chinned, Costa' s, and Anna' s Hummingbirds ( Archilochus alexandri, Calypte co&e, and C. anna), are impossible to separate in the field with certainty. Furthermore, the females defend separate territories from the males in which to raise young. It is tempting to suggest that their uniformity is a product of selection for interspecific territoriality, especially as the above-named species are closest in habitat preference. However, it has been shown that such similarity in appearance is not essential for the interspecific territoriality known to exist between both males and females of many hummingbird species (Cody 196Sb). The situation parallels that in some butterflies, in which the males are distinct and non-mimetic but the females of several species mimic a single model.
A fourth possibility is the danger of hybridization between the convergent species. This is particularly important because plumage and song often play a substantial role in the isolating mechanisms of closely related species of birds. Elaboration of these dangers is beyond the realm of this paper. Finally, there is the fact that territoriality has been widely studied only among higher vertebrates, and only in a minute po' rtion of the existing species. I would expect the list of examples to be much longer if, for instance, neotropical bird species had been as intensively studied as those of North America. In many poorly-known species and situations for which even less evidence for this type of convergence phenomenon can be accumulated than for the more detailed examples above, existing data suggest that the phenomenon may indeed be widespread.
Pipilo ocai and Atlupetes brunneinuchu are both mainly ground-foraging finches narrowly sympatric in central Mexico. They appear so similar in the color of the back, cap, eyestripe, cheeks, breast, breastband, and flanks that trained observers may initially confuse them in the field (Charles Sibley, pers. comm.). More anecdotally, several other neotropical finches of the genera Saltator, Lysurus, and Arremon also possess many features of the same color pattern, In grass fields in Panama, three species of the genera Oryzoborw, Sporophilu, and Volatinia may be found. All males are black with more or less white markings on the wing. These are, at least in some combinations, interspecifically territorial, but the situation is complicated by polymorphism in the second genus ( Neil Smith, pers. comm. ) . Philip Regal (pers. comm.) has described the similarity between adult male salamanders Chiropterotriton demidiata. and juvenile C. multidentata as a situation which would lend itself to the interpretation favored here. It is interesting that the colorful markings of salamanders in general are brightest in the juvenile individuals, which are the population members which Test (1954) reports as most aggressive in another amphibian, the frog Phylobates. Lorenz (1966:Ch. 2) describes the same progression from colorful aggressive youth to peaceable but plain adulthood in coral fish. He also describes the interspecific aggression between a blue triggerfish and other species which either were the same in coloration or had the same shape and form as the aggressor. Whereas Lorenz interprets this activity as behavior released by inappropriate or merely accidentally effective stimuli (no other triggerfish of the species were present), the current hypothesis can assign selective advantages to releasers such as the appearance of competitors which approximately resemble each other. Perhaps a more subtle habitat division is exercised in behaviorly sophisticated adults, whereas the younger stages develop in closer proximity to o' thers of different species. For instance, with forest Amphibia various species differing in spatial location during adulthood might all have to utilize for egg-laying water pools caught between buttress roots or in epiphytes. Thus the young would be found in close association in an uncomplicated and nondivisible:environment and it could be to their advantage to act ecologically as a single species.
SUMMA:RY
There exist between some pairs of sympatric species similarities in appearance or voice which seem much more exact than can be accounted for by common ancestry or response to similar ecological gradients. The convergent : similarities affect only characters which are used by animals for territorial defense, namely color patterns and voice, and are either absent or reduced when the same species occur in allopatry. It is suggested that the similarities arise because they permit the recognition of competitors and facilitate the development of interspecific territoriality. The convergence can thus be economically advantageous in some circumstances and its evolution can be accounted for by the normal process of natural selection. Arrangements of species' ranges and habitat preferences conducive to interspecific territoriality are discussed.
Hybridization between these species is prevented by the maintenance of species-specific recognition cues which enable females to select a male of their own species. Whereas characters by which individuals exclude others of the same sex from their territories converge in areas of sympatry, these specific recognition cues can converge in areas of allopatry. Species pairs or groups which can be referred to this type of convergence are discussed in those aspects of their biology pertinent to the hypothesis. Convergence in appearance <is exemplified by different evolutionary lines of African bush-shrikes, woodpeckers, and salamanders, while vocal convergence may occur between meadowlarks in North America atid between Mexican wrens.
